Unusual human G6P[6] rotavirus A (RVA) strains have been reported sporadically in Europe and Africa, but how they evolved was not fully understood. The whole genome of a Ghanaian G6P[6] strain designated PML1965 (2012) was analysed to understand how it evolved in Africa and to learn how its G6 VP7 gene was related to that of rotaviruses of human and artiodactyl origin. The genotype constellation of RVA/Human-wt/GHA/PML1965/2012/G6P[6] was G6-P-[6]-I2-R2-C2-M2-A2-N2-T2-E2-H2. It shared sublineages with G6P[6] strains previously detected in Italy and Africa in all genome segments except the VP6 gene of a few Burkinabe and Cameroonian strains and both the VP6 and NSP4 genes of Guinea Bissau strains. The VP7 gene of the G6P[6] strains appeared to derive from those of human G6P[9] strains, and they were distantly related to the VP7 genes of artiodactyl G6 or human G6P [14] strains. The time of the most recent common ancestor of the VP7 sequences of G6P[6] strains was estimated to be the year 1998. The evolutionary rates of the VP7 genes in bovine and human G6 rotaviruses were 6.93610 24 and 3.42610 23 nucleotide substitutions site 21 year 21 , respectively, suggesting an accelerated adaptive process in the new host. The sequences of the remaining 10 genome segments of PML1965 clustered with those of G2 and G8 human rotaviruses detected in Africa possessing the DS-1-like genetic background. In conclusion, PML1965 evolved from G2 or G8 RVA strains with DS-1-like background, acquiring the G6 VP7 gene from a human G6P[9] RVA and not from an artiodactyl G6 RVA strain.
INTRODUCTION
Rotavirus A (RVA), a species within genus Rotavirus, family Reoviridae, is a leading cause of gastroenteritis in infants and young children, with an estimated 453 000 deaths annually (Tate et al., 2012) . To reduce the large disease burden due to rotavirus diarrhoea, rotavirus vaccines were developed, assessed and recommended by the World Health Organization. Currently, two live attenuated rotavirus vaccines, Rotarix (GlaxoSmithKline Biologicals) (Ruiz-Palacios et al., 2006) and RotaTeq (Merck) (Vesikari et al., 2006) , are widely used in national immunization programmes. More recently, a human-bovine rotavirus (116E) vaccine, ROTAVAC, reported to be effective and welltolerated in Indian infants (Bhandari et al., 2014) , was introduced into the national immunization programme of India.
RVA contains a genome comprising 11 segments of doublestranded RNA, which encode six structural viral proteins (VP1-VP4, VP6 and VP7) and six non-structural proteins (NSP1-NSP6) (Estes & Greenberg, 2013) . VP7 and VP4 are independently involved in viral neutralization, defining the G serotype and the P serotype, respectively (Estes & Greenberg, 2013) . Traditional G and P serotypes were virtually replaced by the G and P genotypes, which are differentiated based on their nucleotide sequences. This genotyping scheme is now extended to include the other nine genome segments; thus, the nucleotide sequence-based, complete genome classification system denotes the VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6 genes of a Strains possessing a variety of G and P types have been detected from human and animal rotaviruses, and the number of G and P types authorized by the Rotavirus Classification Working Group has reached 27 and 37, respectively (Matthijnssens et al., 2008c (Matthijnssens et al., , 2011 Trojnar et al., 2013) . However, the vast majority of the G and P genotypes detected from human rotaviruses are limited to G1P[8] , G2P[4] , G3P[8] , G4P[8] and G9P[8] (Bányai et al., 2012; Gentsch et al., 2005; Santos & Hoshino, 2005) . In addition, G12 RVA strains have recently been detected at increased frequency worldwide (Castello et al., 2006; Cunliffe et al., 2009; Matthijnssens et al., 2010; Pun et al., 2007; Rahman et al., 2007; Uchida et al., 2006) .
As more surveillance studies are conducted, the chance of detecting human rotaviruses possessing unusual combinations of G and P genotypes increases. Human rotaviruses of uncommon G and P type combinations are largely classified into two categories; one comprises strains suggestive of reassortants between the Wa-like and the DS-l-like genotype constellations (Ghosh & Kobayashi, 2011 , 2014 Iturriza-Gó mara et al., 2001; Matthijnssens & Van Ranst, 2012) , such as G1P[6] (Ghosh et al., 2013) , G1P[4] (Sasaki et al., 2015) and G3P[4] (Tran et al., 2013) . The other comprises rotavirus strains possessing either G or P genotype suggestive of animal rotavirus origin (Ghosh & Kobayashi, 2011 , 2014 Matthijnssens & Van Ranst, 2012; Steyer et al., 2008) , such as G3P[9], of probable feline rotavirus origin (Nakagomi & Nakagomi, 1989) , G4P[6], of probable porcine rotavirus origin (Martinez et al., 2014) , G5P[6] (Ahmed et al., 2007) , G6P[1] (Doan et al., 2013) , G6P[11] (Steyer et al., 2013) , G6P[14] (Cooney et al., 2001) and G8P[1] (Adah et al., 2001) , of probable bovine rotavirus origin.
Of the uncommon human rotaviruses, there are 35 G6P[6] strains described in the literature and the GenBank database, and these may outnumber others in the frequency of detection. The G6P[6] strain was first detected in Belgium in a child returning from vacation in Mali (Matthijnssens et al., 2008a) , and subsequently in Italy (Ianiro et al., 2013) and Africa (Ndze et al., 2014; Nordgren et al., 2012a, b) . Two distinct hypotheses were proposed to explain the evolutionary process by which these G6P[6] strains emerged. Whereas the G6P[6] strain detected in Italy was reported to lack any evidence of zoonotic transmission and was linked to interspecies reassortment (Ianiro et al., 2013) , G6P[6] strains detected in Belgium and Burkina Faso were linked to interspecies transmission from cattle to humans (Matthijnssens et al., 2008a; Nordgren et al., 2012a) . As we had an opportunity to analyse a G6P[6] strain, designated PML1965, detected in Ghana during the 2012 rotavirus surveillance period (Enweronu-Laryea et al., 2014) , we carried out whole genome sequencing analysis of PML1965 in order to gain clues regarding the evolutionary process by which such G6P[6] strains emerged in Africa. To obtain further insight into the adaptation process that occurs after moving into a new host, we carried out a Bayesian evolutionary analysis to determine the evolutionary rates of the G6 VP7 genes possessed by human and bovine rotaviruses.
RESULTS

Genotype constellation of PML1965
The nucleotide sequence spanning the entire ORF of each of the 11 genome segments was determined for PML1965 (Table S1 , available in the online Supplementary Material). The genotype constellation of PML1965 was G6-P[6]-I2-R2-C2-M2-A2-N2-T2-E2-H2, which was identical with that of the prototype G6P[6] strain B1711 detected in Belgium (Matthijnssens et al., 2008a) as well as those of G6P[6] strains detected in Cameroon (Ndze et al., 2014) and Guinea Bissau (GenBank data) (Table 1 ). Furthermore, it appeared identical with the genotype constellation of G6P[6] strains detected in Burkina Faso (Nordgren et al., 2012a) and Italy (Ianiro et al., 2013) , although the genotypes of genome segments 1, 2 and 3 were not available (Table 1) .
Phylogenetic analysis of PML1965
VP7 gene. In the G6 VP7 phylogenetic tree, PML1965 was located in a distinct sublineage composed exclusively of human G6P[6] strains (designated VIb in Fig. 1 ). This G6P[6] sublineage then clustered together with human G6P[9] strains with 100 % bootstrap support, forming a large lineage yet consisting exclusively of human G6P[6] and G6P[9] strains (designated lineage VI in Fig. 1 ).
Within lineage VI, the VP7 sequences diverged as follows; first, an Italian G6P[9] strain PA151 detected in 1987 and then an American G6P[9] strain Se584 detected in 1998 branched off, and the remaining strains were divided into two sublineages. One sublineage was made up of human G6P[9] strains detected in Africa, Asia and Europe (designated VIa in Fig. 1 ), and the other comprised only G6P[6] strains detected in Africa and Europe, including PML1965 (designated VIb in Fig. 1 ). The VP7 sequences within the latter sublineage shared a high degree of identity (i97.0 %; Table 2 ). That two G6P[9] strains were located outside the lineage containing all the other G6P[9] and G6P[6] strains indicates that the VP7 sequences of G6P[6] strains originated from those of G6P[9] strains. The branch on which the transition occurred from the VP7 sequences of G6P[9] strains to those of G6P[6] strains is shown by the arrow in Fig. 1 .
The VP7 sequences in the G6P[9] and G6P[6] sublineages VIa and VIb, respectively, were very closely related to each other, with mean nucleotide and amino acid identities of w95.3 %, which are almost within the range of intra-lineage identities (Table S2) lineage VI, and this lineage was distantly related to any other G6 VP7 lineage (designated lineages I-V in Fig. 1 ) that contained the sequences possessed by rotavirus strains with common bovine G and P type combinations such as G6P[1], G6P[5], and G6P [11] or those possessed by rare human G6P [14] strains that were reported to be of bovine rotavirus origin (Bányai et al., 2003; Gerna et al., 1992; Matthijnssens et al., 2008b) . It should be noted that the VP7 gene of G6 strains of diverse host species origin clustered in accordance with the P genotype they possess, and the nucleotide sequence identity within each lineage was i93.6 % (Table S2 ).
VP4 gene. Similarly, in the P[6] VP4 phylogenetic tree, PML1965 belonged to a lineage that contained only human rotavirus strains (designated lineage VII in Fig. 2 ). Together with Guinea Bissau G6P[6] strains, PML1965 formed a sublineage with G1, G2, G4 and G8 rotavirus strains detected in Africa (designated VIIb in Fig. 2 ). Among the non-G6P[6] strains, a Gambian G2P[6] strain, MRC-DPRU3180, had the closest VP4 sequence to that of PML1965 ( Table 2 ). The prototype G6P[6] strain B1711, however, was 3.0 % divergent from PML1965 (Table 2) , forming a separate sublineage (designated VIIa in Fig. 2) , and was closely related to two G2P[6] strains from Ghana and South Africa.
VP6 gene and other internal and non-structural protein genes (VP1 -VP3, NSP1-NSP5). In the VP6 phylogenetic tree, PML1965 belonged to the same lineage as G6P[6] strains from Burkina Faso (265/BF) and Italy (CEC06) [indicated in a box in Fig. S1(a) ], and their minimum nucleotide sequence identity was 99.5 % (Table 2 ). In the VP1-VP3 phylogenetic trees, PML1965 belonged to the same lineage as Guinea Bissau G6P[6] strains (boxed in Fig. S1b , c, d), and their minimum nucleotide sequence identity to the VP1, VP2 and VP3 genes was 98.7, 99.7 and 99.7 %, respectively (Table 2 ).
In the NSP1-NSP3 and NSP5 phylogenetic trees, PML1965 belonged to the same lineage as G6P[6] strains from Guinea Bissau, Burkina Faso and Italy (Fig. S1e, f (Table 2) , and they belonged to the same lineage ( Fig. S1c, d) . PML1965 had the closest nucleotide sequence to three G2P[6] strains detected in Ghana and South Africa in the NSP2 gene (Table 2) , and they belonged to the same lineage ( Fig.  S1f) . PML1965 had the closest nucleotide sequence to two Ghanaian G8P[6] strains, GH019-08 and GH018-08, in the VP6 gene (Table 2) , and they belonged to the same lineage ( Fig. S1a ). Thus, while no single rotavirus strain provided PML1965 with the DS-1-like genetic background, there was at least one non-G6P[6] DS-1-like strain that had a high nucleotide sequence identity (i97.8 %) with PML1965 that belonged to the same lineage.
On the other hand, the prototype G6P[6] strain B1711 belonged to the same lineage only in the NSP2 gene ( Fig.  S1f ), and its nucleotide sequence identity was 99.1 % ( Table 2) . Among the genome segments in which B1711 did not share the lineage with PML1965, the VP3 gene of B1711 showed the lowest nucleotide sequence identity with PML1965 (84.1 %; Table 2 ).
With respect to the VP6 gene and other internal and nonstructural protein genes, we aligned the deduced protein sequences of PML1965 with other G6P[6] strains and non-G6P[6] DS-1-like strains to explore whether there were any amino acid residues unique to the G6P[6] strains. We found that the proteins encoded by the VP1, VP3, NSP1 and NSP4 genes of the G6P[6] strains and strains that shared the same lineage with them contained a few unique amino acid residues: i.e. 289Q in VP1, 87N and 199V in VP3, 190I in NSP1, and 62N, 95M and 129H in NSP4. The biological implications were not clear, however.
Evolutionary rate of G6 VP7 gene and the time of most recent common ancestor of the G6P[6] VP7 sublineage
The evolutionary rates of the G6 VP7 genes from strains of bovine origin and of human origin were estimated as 6.93|10 24 substitutions site 21 year 21 [highest posterior density interval (HPD), 4.49|10 24 -9.54|10 24 substitutions site 21 year 21 ] and 3.42|10 23 substitutions site 21 year 21 (HPD, 1.53|10 23 -6.11|10 23 ), respectively (Table 3) . Thus, the evolutionary rate of the G6 VP7 genes of human rotavirus origin was approximately five times faster than that estimated for the G6 VP7 genes of bovine rotavirus origin, suggesting that the evolutionary rate was accelerated after the bovine G6 rotaviruses crossed the host species barrier into humans. The credible interval of the coefficient of variation of 0.26 to 0.66 and 0.61 to 2.21 for both estimates (Table 3) clearly excluded zero, and it indicated variation in rates among branches. This result validated the use of the relaxed clock model in estimating the evolutionary rate of the G6 VP7 gene. strain PML1965 in this study (indicated in red font with red dot), the near-full-length ORF of the VP4 gene of other African (indicated by blue dots) and European (indicated by green dot) G6P[6] strains and representative human and animal P[6] strains. Maximum-likelihood phylogenetic analysis was performed using the Tamura three-parameter substitution model with gamma-distributed invariant sites in the MEGA6 software package, and the resulting tree presented here is a midpoint-rooted tree. Significant bootstrap values (1000 replicates) of ¢70 % are indicated at each node. Bar indicates genetic distance expressed as number of nucleotide substitutions per site.
Ghanaian G6P[6] human rotavirus
To explore whether the frequency of sampling over time could lead to an opposite result, we calculated the evolutionary rates for the human and bovine datasets under two different sampling scenarios: (i) one strain each was selected at random from each isolation year, and (ii) one sample each was selected from the years of detection shared by both human and bovine strains. Under both sampling scenarios we observed consistently accelerated evolutionary rates in the human G6 VP7 dataset compared with the bovine G6 VP7 dataset (data not shown).
In the maximum clade credibility tree (Fig. 3) , the ancestor of the VP7 gene of G6P[6] strains -a G6P[9] strain -diverged from the contemporary G6P[9] strains around 1990. The VP7 gene of the ancestral human G6P[9] strain accumulated point mutations and transitioned into the VP7 gene of G6P[6] strains. The time of the most recent common ancestor of the VP7 gene of the G6P[6] sublineage was calculated to be around the year 1998 (Fig. 3) , and it appears that the VP7 gene of G6P[6] strains detected after the prototype Belgian strain B1711 including PML1965 evolved and spread from this single introduction point of strain B1711, which was detected in a child returning from a vacation in Mali (Matthijnssens et al., 2008a; Rahman et al., 2003) .
DISCUSSION
The VP7 gene of the Ghanaian G6P[6] rotavirus strain PML1965 was shown to be closely related to that of G6P[6] strains detected in Europe and Africa. Their VP7 genes shared a common ancestral VP7 sequence with human G6P[9] strains. In the remaining 10 genome segments, PML1965 shared the same lineage with some G6P[6] strains and DS-1-like G2 or G8 strains circulating in Africa. Thus, we hypothesized that the VP7 gene of a G6P[9] strain was reasssorted into the DS-1 backbone of regional circulating African DS-1-like strains, which resulted in the ancestor of the G6P[6] strains that emerged in Africa.
Previously, Matthijnssens et al. (2008a) suggested that the VP7 and VP3 genes of the prototype G6P[6] strain from Belgium, B1711, were of bovine rotavirus origin. Subsequently, the VP7 genes of G6P[6] strains detected in Burkina Faso were speculated to derive from an interspecies transmission event of bovine rotavirus to humans because people live in close proximity with cattle in Burkina Faso, thereby increasing the chance of interspecies transmission (Nordgren et al., 2012a) . However, Ianiro et al. (2013) concluded that there was no evidence of zoonosis or interspecies reassortment after analysing eight genome segments of a G6P[6] strain detected in Italy in 2011. We extended their observations and suggested that the VP7 gene of PML1965 together with those of previously reported G6P[6] strains evolved from a single ancestral VP7 sequence originating from a human G6P[9] strain that occurred around 1998 (Fig. 3) . In this regard, it should be interesting to know how closely the VP7 genes of human G6P[6] strains are related to those of feline G6P[9] rotaviruses which were Table 3 . 1971-2012 1987-2012 1991-2012 1991-2012 1975-2012 1976-2012 1996-2012 1980-2009 1988-2009 Sampling area recently reported to be the most prevalent genotype among cats in the UK (German et al., 2015) .
An interesting observation in this study was the demonstration, with a statistically significant difference, of a much faster evolutionary rate for the G6 VP7 genes possessed by human rotaviruses (3.42|10 23 substitutions site 21 year 21 ) than that for the G6 VP7 genes possessed by bovine rotaviruses (6.93|10 24 substitutions site 21 year 21 ). As it is taken for granted that the original host species of G6 rotaviruses are artiodactyls, including cattle (Cashman et al., 2010; Midgley et al., 2012; Monini et al., 2008; Suzuki et al., 1993) , it is reasonable to assume that the G6 VP7 genes have already been well adapted to bovine rotaviruses whereas humans are a new host species to the G6 VP7 genes. Thus, the increase in evolutionary rate observed for the G6 VP7 genes after their crossing the host species barrier into humans could constitute a post-transfer adaptation process through which the virus achieved increased replication and transmissibility after the initial transfer to a human host. An increased evolutionary rate after moving into the new host species was demonstrated for the SARS coronavirus, which appeared to gain some host-adaptive changes during its spread among humans (Parrish et al., 2008; Zhang et al., 2006) . In this regard, it is of note that the point estimates for the evolutionary rate for G9 and G12 VP7 genes calculated from a global collection of sequences were also high, as these two VP7 genotypes are thought to have emerged recently in humans (Table 3) (Afrad et al., 2014; Dennis et al., 2014; He et al., 2013; Matthijnssens et al., 2010) .
The maximum clade credibility tree also showed the divergence times of the VP7 genes of human G6 rotavirus strains from their ancestral animal VP7 sequences. Around 1931, an interspecies transmission event of a G6 bovine rotavirus to humans occurred, and this event gave rise to G6P[9] strains (PA151-like strains) that were perceived to possess the ancestral sequence of the VP7 gene carried by G6P[6] and G6P[9] strains (indicated with a black dot in Fig. 3 ).
We provided further evidence in support of our hypothesis regarding how PML1965 evolved, by taking advantage of the current availability of the whole genome sequence data of many DS-1-like rotavirus strains in GenBank.
To determine which DS-1-like strains aside from the G6P[6] strains were highly similar to PML1965 in the remaining 10 genome segments, we carried out maximumlikelihood phylogenetic analyses. There was not a single DS-1-like strain that possessed all 10 genome segments highly similar to the corresponding genome segments of PML1965 in terms of the nucleotide sequence identity (i97.8 %) and the phylogenetic relationships (belonging to the same lineage in the phylogenetic tree). However, at least five different regional circulating DS-1-like rotavirus strains detected in humans were identified that possessed at least one genome segment highly similar to the corresponding genome segment of PML1965 (Table 2) . A Gambian G2P[6] strain, MRC-DPRU3180, detected in 2010 was the closest to PML1965 in the VP4, VP1, NSP1, NSP3 and NSP5 genes (Figs 2 and S1b, e, g, i) . The presence of African DS-1-like strains that possessed highly similar genome segments to those of PML1965 suggested that the backbone genotype constellation of PML1965 and other G6P[6] strains was configured by multiple intra-genotype reassortment events involving regional circulating DS-1-like strains. Because these parental DS-1-like strains are considered to have already been adapted to humans, the acquisition of such genetic backbones allowed PML1965 and the like to have the ability to spread continuously from human to human.
In summary, the VP7 gene of PML1965, highly identical to those of previously reported G6P[6] strains, was shown to evolve from the VP7 genes of human G6P[9] strains at a higher evolutionary rate than that of bovine G6 VP7 genes. The remaining 10 genome segments were closely related to those of typical African G2P[4], G2P[6] and G8P[6] rotaviruses possessing the DS-1-like genotype constellation. These observations led us to the hypothesis that reassortment events in which human P[6] or P[4] RVA strains possessing a DS-1-like genetic background acquire the G6 VP7 gene from human G6P[9] RVA strains gave rise to G6P[6] strains, thereby spreading more efficiently from human to human. Follow-up monitoring of the G6 strains is necessary since they may further acquire the Wa-like genetic background with P[8] and make a swift and global spread, as was observed for G9 and G12 rotaviruses (Matthijnssens et al., 2010) .
METHODS
Rotavirus strain. Rotavirus G6P[6] strain PML1965 was detected in an 11-month-old male child hospitalized for acute gastroenteritis during the 2012 rotavirus surveillance period in Ghana (Enweronu-Laryea et al., 2014) .
Whole genome amplification and sequencing. Viral RNA was extracted from 10 % (w/v) stool suspension using the QIAamp Viral RNA Mini kit (Qiagen) following the manufacturer's protocol. Complementary DNA was generated from the extracted doublestranded RNA by reverse transcription using the SuperScript III firststrand synthesis system for reverse transcription PCR (Invitrogen) following the manufacturer's instructions. Briefly, an initial reaction mixture consisting of viral double-stranded RNA and random primers was denatured at 97 uC for 5 min and quickly chilled on ice for 5 min. To this was added a reverse transcription reaction mixture containing SuperScript III reverse transcriptase and dNTPs to make up a final volume of 20 ml, and cDNA was synthesized at 42 uC for 1 h. Each of the 11 genome segments was amplified by PCR from 2 ml cDNA using gene-specific primers (Table S3 ) (Doan et al., 2012; Gentsch et al., 1992; Giambiagi et al., 1994; Gouvea et al., 1990; Matthijnssens et al., 2008b) and the GoTaq Green Master Mix system (Promega) under the following conditions: 95 uC for 5 min, followed by 35 cycles of PCR at 94 uC for 30s; 45 uC for 30s; 72 uC for 3 min and a final extension at 72 uC for 8 min.
Amplicons of the 11 genome segments were purified using the EXOSAP-IT purification system (USB Products) following the manufacturer's protocol, and sequenced in both forward and reverse directions by fluorescent dideoxy chain-termination chemistry using the BigDye Terminator Cycle Sequencing Ready Reaction kit v.3.1 IP: 54.70.40.11
On: Sun, 30 Dec 2018 15:17:08 (Applied Biosystems). Nucleotide sequences were determined using an ABI-PRISM 3730 Genetic Analyzer (Applied Biosystems). For the sequencing of larger genes, the primer-walking method was employed on both strands to cover the complete ORF.
Sequence and phylogenetic analysis. Nucleotide sequences for each genome segment were assembled into contigs using the SeqMan program in DNASTAR Lasergene core suite software v.11 (DNASTAR), and the genotypes were determined using the RotaC v.2.0 automated online genotyping tool for Group A rotaviruses (Maes et al., 2009 ). Using the Basic Local Alignment Search Tool on the NCBI website, sequences similar to each of the 11 genome segments of PML1965 were retrieved and included in multiple sequence alignment files constructed using the online version of Multiple Alignment using Fast Fourier Transform (MAFFT v.7) (Katoh & Standley, 2013) . Nucleotide and amino acid similarity matrices were calculated for the multiple aligned sequences for each genome segment using MEGA v.6.06. The best-fit nucleotide substitution models were determined for the dataset for each genome segment using MEGA v.6.06 based on the corrected Akaike information criterion (AICc) values (Tamura et al., 2013) . Using the best fit substitution models with the lowest AICc scores and highest log-likelihood scores obtained from the model test in MEGA6 for each of the 11 datasets T92+G + I (VP7, VP4, VP6), general time-reversible nucleotide substitution model and gammadistributed rate variation with invariant sites (GTR+G+I) (VP1, VP3), TN93 + G + I (VP2), T92 + G (NSP2, NSP4, NSP5), T92 + I (NSP1) and TN93 + I (NSP3), maximum-likelihood phylogenetic trees were reconstructed using 1000 pseudo-replicate datasets. Lineages were assigned to closely related collections of sequences with i70 % bootstrap support at the branching point. Where there is further diversification below the lineage level, the term sublineage was introduced.
Estimation of the evolutionary rate of the G6 VP7 gene and the time of the most recent common ancestor of the G6P[6] VP7 sublineage. The Bayesian Markov chain Monte Carlo (MCMC) method implemented in BEAST v.1.8.1 (Drummond et al., 2012) was used to estimate the divergence times for the G6 VP7 gene of 50 dated representative G6 rotavirus strains of animal and human host species origin detected from 1971 to 2012. Two separate datasets were compiled for the estimation of the evolutionary rates before and after the bovine G6 rotaviruses crossed the host species barrier into humans: (1) 85 dated G6 VP7 genes from bovine rotavirus strains detected from 1971 to 2012, and (2) 53 dated G6 VP7 genes from human rotavirus strains detected from 1987 to 2012 (Table S4 ). The GTR + G+I nucleotide substitution model, a log-normal relaxed clock (Drummond et al., 2006) and a coalescent constant size (Drummond et al., 2002) were assumed. Three independent MCMC runs were carried out for 10 8 generations and evaluated using Tracer software v.1.6 (http://tree.bio.ed.ac.uk/software/tracer/). The maximum clade credibility tree was annotated with TreeAnnotator and viewed with FigTree v.1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/).
